Purpose The purpose of this instrument development project was to create a self-report tool to evaluate arm lymphedema and associated symptoms in breast cancer survivors. Methods The Lymphedema Symptom Intensity and Distress Survey-Arm (LSIDS-A) was developed and tested in three phases: phase 1-literature review and expert panel; phase 2-preliminary validation; and phase 3-final validation. Results Phase 1: The most common symptoms experienced by breast cancer survivors with lymphedema were identified. A 52-item scale was developed. Phase 2: 128 communitydwelling breast cancer survivors (64 with lymphedema, 64 without lymphedema) completed the LSIDS-A. Feedback from the participants was that the format was Bclear^and Bmade sense^; therefore, the response structure was left intact. Sixteen items were deleted leaving a 36-item revised instrument. Phase 3: Subsequent testing in a total sample of 236 breast cancer survivors with lymphedema was undertaken. The Cronbach's alpha reliability values for the overall intensity and distress scores were 0.93 and 0.94, respectively. The Kuder-Richardson values ranged from 0.66 to 0.92. Divergent validity evaluated against Marlowe-Crowne Social Desirebility Scale overall was acceptable (intensity, r s =0.08; distress, r s =−0.12). Convergent validity was acceptable as tested with multiple instruments (e.g., Functional Assessment of Cancer Therapy-Breast +4, overall intensity r s =−0.44, overall distress r s =−.48) Conclusions The 30-item LSIDS-A is a valid and reliable instrument that can be used to assess arm lymphedema and its associated symptoms.
Introduction
The growing body of literature describing symptoms associated with lymphedema has led to reconceptualization of the condition [1] [2] [3] [4] . Previously defined as a collection of fluid in the tissues [5] , lymphedema is now more accurately defined as a pathological ailment that occurs when fluid and proteins amass in the interstitial space that is associated with physical and psychological symptoms [6] . Once lymphedema occurs, it is a chronic condition that can worsen over time [7] . Breast cancer survivors with lymphedema report a poorer quality of life (QOL) than those without lymphedema [8] [9] [10] . Individuals with lymphedema may view it as a reminder of their cancer, feel less sexually attractive, lose fine motor movement in the affected extremity, and often modify their wardrobes to accommodate their enlarged arms [11, 12] . They may see affected limbs as being ugly and deformed [11, 12] . They may have to change jobs because of their inability to lift, require assistance with dressing, experience psychological distress, and will often limit social and recreational activities. Pain and other altered sensations in the affected limb may also be associated with lymphedema [8, 10] . There are few comprehensive, valid, and reliable instruments available for use by researchers or clinicians as lymphedema-related symptom assessment tools. Three instruments, the Lymphedema and Breast Cancer Questionnaire (LBCQ) [1, 13] , the Norman Lymphedema Survey (NLS) [14, 15] , and the Functional Assessment of Cancer Therapy plus 4 (FACT-B+4) [16] , are often cited in the literature. Two, the LBCQ and the NLS, have predicted the presence of lymphedema, but none of the three comprehensively address psychological symptoms. Thus, many researchers and clinicians use multiple instruments to comprehensively capture symptoms in this patient population, creating burden for professionals and patients alike.
A single, self-report tool that is consistent with the evidence driven reconceptualization of lymphedema would identify physical and psychosocial lymphedema-related symptoms, as well as associated burden and serve several purposes. It would (1) eliminate the need for clinicians to use multiple tools to assess physiological and psychological symptoms; (2) promote rapid identification of lymphedema-related symptoms; (3) identify areas where intervention or education are needed; (4) facilitate evaluation of treatment outcomes; and (5) promote communication between health care providers and patients. In this manuscript, the development and validation of the Lymphedema Symptom Intensity and Distress Survey-Arm (LSIDS-A), one of the battery of tools we are developing to capture symptoms and associated symptom burden in individuals experiencing lymphedema, are reported [2] .
Methods

Development of the LSIDS-A
The LSIDS-A was developed in three phases (see Fig. 1 ). In phase 1, preliminary content development was undertaken. Phase 2, preliminary testing, was completed in conjunction with a cross-sectional parent study [8] . Phase 3, validation, involved further testing across multiple studies that were composed of breast cancer survivors with lymphedema. Studies had institutional review board approval, and informed consent was obtained.
Phase 1: content development
The Lenz theory of unpleasant symptoms was the conceptual framework for initial item development [17, 18] . This theory suggests that situational, physiological, and psychological factors contribute to the development of symptom clusters. Thus, these categories guided a review of the literature. Medline and CINAHL searches were conducted using the following keywords, either alone or in combination with lymphedema: symptoms, outcomes, instruments, depression, fatigue, body image, measurement, pain, treatment, QOL, breast cancer, arm function, range of motion, cellulitis, infection, manual lymphatic drainage, and complete decongestive physiotherapy. A list of proposed symptom content was then generated that included physical, psychological, and situational concerns.
An expert panel consisting of oncology nurse researchers reviewed this list. A 52-item scale with reflective period of 1 week was developed. Each symptom in the survey required a Byes/no^response. If Byes^was selected, then a rating (1 slight to 10 severe) for both intensity (the actual severity of the symptom itself) and distress (the physical or emotional response to a symptom) was solicited. 
Study 1
The focus of this study was to ensure that the instrument captured lymphedema-related symptoms, not symptoms related to breast cancer treatment. As part of a parent study, an adequately powered study of 128 community-dwelling breast cancer survivors (64 with lymphedema, 64 without lymphedema) was undertaken [8] . Convenience sampling was used, and participants were age-matched within 3 years. All participants completed the LSIDS-A in approximately 12 min. Participants were instructed to write down any lymphedema-related problems not addressed and asked by the first author for comments about the tool. The tool was able to differentiate symptoms between the groups [8] . Participant feedback indicated that the tool was Bclear^and Bmade sense,^and they endorsed the inclusion of both intensity and distress content. Therefore, the structure of the scale was left intact. Items were deleted if (1) they were found to be redundant by participants' report; (2) neither group endorsed an item; or (3) items were only endorsed by those without lymphedema. For example, depression, loss of well-being, and inferiority were deleted based on redundancy, and sadness was retained as participants felt that best described their feeling. All items related to chest discomfort, except for burning, were deleted as they were either not endorsed by either group or only endorsed by those without lymphedema. Sixteen items in total were deleted. No new items were added. The revised instrument contained 36 items.
Phase 3: validation
The revised 36-item tool was subsequently validated [3, 8, 11, 12, 19, 20] (Fig. 1) . Breast cancer survivors with previously diagnosed lymphedema completed the LSIDS-A using the 1-10 scale in addition to other measures used to evaluate validity and reliability. Figure 1 reflects the number of participants from each study that had initial exposure to the LSIDS-A who were included in the validation phase (N=236).
Study 1
Responses to the revised 36-item LSIDS-A by the lymphedema participants in the parent study (N=64) were included in further validation efforts [8] .
Study 2 Fifty-one individuals with a history of previous professionally administered therapy for lymphedema completed the 36-item LSIDS-A once in this cross-sectional study [3] .
Study 3 There were 104 participants in this randomized clinical trial (RCT), 52 each in the control and experimental groups. All had stage II lymphedema. Participants completed the 36-item LSIDS-A at baseline as well as 1, 3, and 6 months after completing the intervention [11, 12] .
Study 4 There were 42 participants in this pilot RCT, 21 each in the control and experimental groups. Participants completed the 36-item LSIDS-A at baseline and days 15 and 30 of treatment [19] .
Study 5 Participants (N=46) in this RCT completed the 36-item LSIDS prior to an initial laser treatment and immediately after completion of the full intervention [20] .
Data collection and measures
Study staff asked each patient to complete self-report instruments and answered any questions related to the forms. In addition to the LSIDS-A, the following instruments were completed in the various studies to assist with validation:
Demographic and Medical Questionnaires In every study, demographic information (e.g., sex, age, years of education, employment status) and medical information (e.g., stage of breast cancer, onset of lymphedema, comorbid illnesses) were obtained during the first study visit. FACT B and FACT B plus 4 [16, 21] The 36-item Functional Assessment of Cancer Therapy (FACT) consists of the FACT-G and a breast subscale and is frequently used to measure QOL in breast cancer patients and survivors. Phase 2 and phase 3 participants in studies 1, 2, 3, and 5 completed this instrument (Cronbach's alpha overall score=0.92, subscales=0.79-0.83). The Fact B plus 4 subscale, a lymphedema subscale, was completed by participants in study 1 (Cronbach's alpha=0.70) [16, 21] . Upper Limb Lymphedema 27 (ULL-27) [22] The ULL-27 is a valid and reliable tool that examines QOL in individuals with upper limb lymphedema [22] . All phase 2 and phase 3 participants completed this instrument (Cronbach's alphas: overall score=0.93, subscales=0.80-0.92). Functional Assessment Screening Questionnaire (FASQ) [23] The FASQ is a 15-item instrument that captures functional impairment in adult ambulatory patients [23] . Validity of the FASQ has been supported in general family practice and chronic pain populations [23, 24] . Phase 3 participants in studies 2, 3, and 4 completed this instrument (Cronbach's alpha=0.84).
Center for Epidemiologic Studies-Depression (CES-D) [25] . The CES-D Scale has 20 items that address presence and severity of depressive symptoms [25] . In a previous study by this team, Cronbach's alpha for the scores were 0.82 at baseline and 0.85 postintervention [20] . Phase 3 participants in studies 2 and 4 completed this instrument (Cronbach's alpha=0.85).
Profile of Mood States-Short Form (POMS-SF) [25, 26] The POMS-SF is an instrument that captures mood. The POMS-SF possesses reliability and validity equal to that of the full length POMS [25] [26] [27] . Cronbach's alphas for the POMS-SF total mood disturbance and subscale scores ranged from 0.82 to 0.94 in prior work by this team [20] . Phase 3 participants in studies 1, 2, and 4 completed this instrument (Cronbach's alpha: overall score=0.93, subscales=0.86-0.94). Marlowe-Crowne Social Desireability Scale (MCSDS) [28, 29] . This 33-item questionnaire assesses both the tendencies to deny common negative characteristics and ascribe to oneself positive characteristics that are believed to be rare in the general population. Higher scores reflect higher levels of social desirability response bias. Psychometric properties of the MCSDS have been well established [28, 29] . Phase 2 participants completed this instrument (Kuder-Richardson= 0.82).
Statistical methods
Frequency distributions were used to summarize symptom prevalence, as well as the nominal and ordinal demographic characteristics. Due to the lack of normality of symptom characteristics, median and 25th-75th interquartile range (IQR) values were used to summarize responses to the intensity and distress experienced from the individual symptoms, as well as time since surgery and time since last treatment. SAS PROC VarClus was used to generate symptom clusters. While this approach borrows heavily from the conceptual underpinning of traditional factor analysis methods, statistically it derived from hierarchical clustering methods. This approach loosens many of the assumptions inherent in traditional factor analysis (e.g., normality of item response distributions), which makes it most suitable for symptom clustering. Clustering was conducted separately for the intensity and for the distress responses. Once clusters of symptoms were identified, the internal consistency of the individual symptoms with their respective cluster was assessed using the KuderRichardson index for binary responses (prevalence) and the Cronbach's alpha statistic for the Likert intensity and distress responses. Intensity and distress scores for the entire set of symptoms, as well as each cluster of symptoms, were generated by averaging the individual Likert item responses for those symptoms marked as present. Test-retest reliability of the overall and cluster scores was assessed using intraclass correlations among the repeated assessments of a subset of study participants (control group, study number). Convergent and divergent validity of the symptom clusters was assessed using Spearman correlations with the measures of other constructs collected at the same time. 
Results
Sample characteristics
Symptoms
With the exception of the items inquiring about sexualrelated symptoms that had a no response option, no consistently missing individual item responses were apparent in this pool of data. Nine symptoms occurred in over 50 % of the participants: swelling (90.2 %), fatigue (75.7 %), heavy arm (74.0 %), tight arm (66.8 %), difficulty sleeping (61.3 %), ache arm (60.2 %), appearance concerns (59.6 %), decrease in physical activity (56.0 %), and pain in arm (51.9 %). Two very low frequency symptoms were identified, burning chest (14.9 %), and flaky skin (14.4 %). The intensity and distress distributions demonstrated variability in response with each of the item values ranging from the minimum of B0^to a maximum value of B5.Ĉ lustering Item clustering was conducted using both the original 1 to 10 response intensity and distress format, as well as a simplified reduced 1 to 5 format postdata collection. The findings were essentially identical; thus, results from the 1 to 5 format are subsequently reported, and the final LSIDS-A reflects a scoring range of 1 to 5. The findings from the clustering of the intensity responses and from the distress responses were also essentially identical. Therefore, the single solution is summarized in Table 2 . Six items did not load (BBurning Arm,^BBurning Chest, ^BWarm Arm,^BCold Arm,^BFlaky Skin,^and BIncreased Appetite^). Four were omitted from the final instrument (BBurning Chest,^BCold Arm,^BFlaky Skin,â nd BIncreased Appetite^) because they occurred in less than 20 % of the participants. The remaining 30 items fell into seven clusters. Six of the seven clusters clearly fit into three separate proposed domains: situational (resource cluster), psychological (sexuality cluster), and physiological (soft tissue sensations, neurologic sensations, function, and activity clusters). One cluster consisted of a compilation of generalized core symptoms that encompassed both physical and psychological domains (biobehavioral cluster). 
Scoring
The sum of symptoms reported within the set of 30 yields a total prevalence score. Cluster symptom scores are generated by summing the number of symptoms reported within each cluster. For the integrity of both the prevalence and cluster scores, a maximum of five missing items are allowed for generating overall LSIDS-A scores. For each of the six clusters, complete data are required. Overall and cluster symptom intensity and distress scores are derived by averaging the intensity and distress self-reports for the respective reported cluster symptoms. Detailed programming for scoring the instrument is available from the authors.
Reliability
The Kuder-Richardson reliability for overall sum of the dichotomous Bpresence^or Babsence^of the symptoms was 0.88 (N=173). The Cronbach's alpha reliability for the overall intensity and distress scores were 0.93 and 0.94, respectively. As can be seen in Table 2 , good internal consistency was also demonstrated for each of the symptom clusters. The KuderRichardson values ranged from 0.66 to 0.92. The reliabilities of the symptom cluster intensity and distress scores were 0.78 or higher for all the clusters except for the symptoms related to sexual relationships which were still acceptable at 0.74 and 0.72.
Validity
Descriptive summaries of the cluster scores are displayed in Table 3 . While the complete range of possible symptom number, intensity, and distress values was used in the overall assessment and within each cluster, it is apparent from the median and IQR values that most of the values tended to be in the lower half of possible range of scores. Each of the seven intensity and distress scores were included in the analysis of the convergent and divergent validity of the LSIDS-A symptom clusters (see Tables 4  and 5 ). The measures used for the validity analysis included multidimensional instruments of QOL (FACT-G, ULL-27) and measures of emotional states (CES-D, POMS-SF). The FASQ was also included as a function assessment tool, the MCSDS as a measure of social desirability of response.
Convergent
Correlations of the LSIDS-A symptom intensity and distress scores with scores from other study measures are presented in Table 3 Descriptive summaries of number of symptoms within clusters, cluster intensity, and distress scores Tables 4 and 5 . All of the correlations reported here were of at least the magnitude 0.40 and were statistically significant (p<0.05). It was anticipated that intensity and distress scores associated with soft tissue and neurologic sensation would correlate strongest with the overall score of the FACT-G, the FACT-B+ 4 subscale, the physical subscales of both the FACT-G and the ULL-27, as well as the FASQ. Higher scores on the FACT-G and ULL-27 indicate better QOL; thus, the observed inverse correlations supported most of these hypotheses (see Table 4 ). The strongest associations for the soft tissue cluster intensity and distress scores were with the FACT-B+4 (intensity, r s = −0.41; distress, r s =−0.50) and ULL-27 physical scores (intensity, r s =−0.52; distress, r s =−0.45), as well as with the FASQ (distress, r s =0.40). The strongest associations for the neurologic sensation cluster were also with the FACT-B+4 (intensity, r s =−0.48; distress, r s =−0.45) and ULL-27 physical scores (intensity, r s = −0.43; distress, r s = −0.41). Consistent with the LSIDS-A soft tissue and neurologic sensation findings, the function cluster also correlated most strongly with the FACT-B+4 (intensity, r s =−0.43; distress, r s =−0.68) and ULL-27 physical scores (intensity, r s =−0.44; distress, r s =−0.50). The distress component of the function cluster scores also was associated with the tension, fatigue, and confusion scores on the POMS-SF measure (r s =0.41, 0.47, and 0.47, respectively).
Symptoms comprising the LSIDS-A biobehavioral cluster were proposed to have wide-ranging associations. These were in fact observed (see Tables 4 and 5 ). The strongest of the associations were with the CES-D (intensity, r s =0.51; distress, r s =0.50), FACT physical scale (intensity, r s =−0.50; distress, r s =−0.46) and FACT-G total scores (intensity, r s = −0.48; distress, r s =−0.40). The resource symptom cluster was expected to be most associated with the CES-D and POMS-SF scores. While the strongest correlation was for the associated distress of those symptoms with the POMS-SF tension scale (r s =0.47), the only other associations of any note were with the ULL-27 psychological scores (intensity, r s =−0.36; distress, r s =−0.40). This cluster had the lowest prevalence rates of all the LSIDS-A clusters.
As anticipated, levels of intensity and distress for the LSIDS-A sexuality cluster were most strongly correlated with CES-D scores (intensity, r s =0.56; distress, r s =0.41). Finally, because activity curtailment is driven by physical health concerns but also creates personal loss and reduces social contact, the LSIDS-A activity cluster was expected to correlate strongly with the physical and social subscales of both the FACT-G and ULL-27, as well as the FASQ. The strongest associations of the activity cluster scores were with the FACT-G physical (intensity, r s =−0.53; distress, r s =−0.45) and FASQ scores (intensity, r s =0.46; distress, r s =0.47) ( Tables 4 and 5 ).
Divergent
None of the clusters demonstrated meaningful or statistically significant correlations with the MCSDS (intensity, r s = −0.02-0.21; distress, r s =−0.01-0.25). Nor did they demonstrate statistically significant or meaningful Tables 4 and 5 ).
Test-retest
Intraclass correlations for repeated assessments (N =53) are shown in Table 6 . The lowest values were for the function intensity and distress scores (0.69 and 0.75, respectively). The highest coefficients were for the sexuality and mood scores, as well as the overall LSIDS-A scores (all above 0.90).
Discussion
The LSIDS-A was designed to serve as a single instrument to assess arm lymphedema and its multidimensional symptoms. Our results provide evidence that it can serve that intended purpose. During the course of instrument development, the LSIDS-A provided valuable information about lymphedema and associated symptoms that can be used to inform clinicians and enhance patient care. For example, we believe that prevalent symptoms such as appearance concerns and difficulty in sleeping represent new findings for this population. Additionally, symptom intensity was most problematic in nine symptoms: partner's lack of interest in sex, decrease in social activity, give up hobbies, cramping arm, increased appetite, decrease in sexual activity, lack of confidence in insurance company, frustration with insurance company, and lack of interest in sex. These symptoms are not traditionally addressed in other lymphedema assessment tools. Furthermore, when present, distress and intensity were most severe in two of those: partner's lack of interest in sex and decrease in sexual activity. Previously, sexuality has only been explored in a limited basis in this population [12] . Taken together, these findings suggest that for some breast cancer survivors with lymphedema, sexuality may create psychological or physical distress to the degree that psychological support or medical treatment may be needed. Though low in prevalence, distress related to frustration with insurance was evident. This is not only problematic from a psychological perspective, but also has implications for potential limitations regarding access to resources needed to care for lymphedema. Unless access to lymphedema treatment and supplies becomes universal, this is likely to remain a serious issue for some patients.
The symptom-specific findings support that the LSIDS-A is a comprehensive symptom assessment tool. Thus, dependence on multiple other tools to evaluate patients with lymphedema can be reduced.
Findings from both internal consistency analyses and testretest intraclass correlations show that the LSIDS-A is a reliable instrument. The LSIDS-A, in general, performed as expected with the other instruments used for validation purposes. Together, these results support that the instrument is valid and reliable. Across all phases of development, participants were able to complete the LSIDS-A without difficulty. The final 30-item tool can be completed in less than 10 min. Thus, the LSIDS-A represents a tool that is feasible for use in both busy clinical settings and in research.
Findings should be considered in light of study limitations. Sample demographics reflect the known demographics in the breast cancer survivor population; however, most participants with lymphedema had stage II lymphedema. Although this reflects the most common stage of the disease in patients who have been dealing with it over several years, a primary limitation is generalizability of these findings to stages I and III. It is possible that those with stage I lymphedema might have fewer symptoms, or symptoms that are less intense or distressing. Conversely, those with stage III lymphedema might have more symptoms, or symptoms that are more severe. Median intensity and distress scores, though not identical, were close. Given the low median intensity and distress scores, the distribution is also somewhat skewed; however, the same distribution was found in the measures that were used for validation. This suggests that the LSIDS-A accurately captured symptom burden and that, despite limitations, it represents a comprehensive symptom assessment tool for patients with lymphedema of the arm.
Conclusions
Breast cancer survivors with lymphedema experience multiple symptoms in addition to swelling. The LSIDS-A is reliable and valid. It can be used by clinicians and scientists to better understand this condition and to comprehensively evaluate response to treatment. Future research should involve data collection in patients with stages I and II lymphedema, and further evaluations determine if both intensity and distress assessments are warranted. Additionally, because of the lack of similar assessment tools for patients with lower limb, trunk, and head and neck lymphedema, further studies are being undertaken by this team to explore the development of the LSIDS as a tool for use in these patient populations. These studies will also facilitate further elucidation of conceptual and perceptual differences between intensity and distress.
